Abstract: While the early and asymptomatic recognition of treatable conditions offered by newborn screening confers clear health benefits for the affected child, the clinical referral of patients with screen positive results can cause significant harm for some families. The use of pivalate-containing antibiotics and more recently the inclusion of neopentanoate as a component within moisturising creams used as nipple balms by nursing mothers can result in a significant number of false positive results when screening for isovaleric acidaemia (IVA) by measuring C5 acylcarnitine. A recent survey conducted within centres from nine countries indicated that this form of contamination had been or was a significant confounding factor in the detection of IVA in seven of the nine who responded. In three of these seven the prominent cause was believed to derive from the use of moisturising creams and in another three from antibiotics containing pivalate; one country reported that the cause was mixed. As a result, four of these seven centres routinely perform second tier testing to resolve C5 isobars when an initial C5 result is elevated, and a fifth is considering making this change within their national programme. The use of creams containing neopentanoate by nursing mothers and evolving patterns in the prescription of pivalate-containing antibiotics during pregnancy require those involved in the design and operation of newborn screening programmes used to detect IVA and the doctors who receive clinical referrals from these programmes to maintain an awareness of the potential impact of this form of interference on patient results.
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Introduction
Isovaleric acidaemia (IVA) is an autosomal recessive disorder of leucine metabolism. In the acute neonatal form, patients are typically well at birth and present during the first two weeks of life with poor feeding, vomiting, lethargy, seizures, and progressive coma. While newborn screening has enabled the pre-symptomatic identification of IVA, prompt and appropriate treatment is required to ensure that the baby is protected and, as a result, rapid referral and assessment is advocated in screen positive cases.
Unfortunately, the positive predictive value of a raised C5 acylcarnitine result, upon which many programmes depend, may be quite low [1] and the resulting false positive (FP) cases can have a serious long-term impact with an increased parental stress index score, a significant and lasting increase in parental anxiety, and an increase in hospital stays of the screen positive children [2] . A significant contribution to FP screening results for IVA in some countries may arise from pivaloylcarnitine, a compound isobaric to, and interfering with the measurement of, C5 acylcarnitine, the dedicated screening parameter for IVA [3] . Pivaloylcarnitine can be present in blood due to maternal use of pivalic ester pro-drugs or pivalic acid derivatives used as emollients in some nipple creams. Common examples of such drugs include Pivmecillinam, the pivaloyloxymethyl ester of Mecillinam, and Pivampicillin, the pivaloylmethyl ester of Ampicillin. In 2014, Boemer at al. [4] reported 50 FP IVA results detected in Belgium during an 18-month period, which were subsequently investigated and found to be due to the use of a nipple fissure unguent containing pivalic acid derivatives. Similarly, following the introduction of screening for IVA in 2012 in the UK, between 2012-2016, 24 FP and 16 true positive (TP) cases were reported, with 16 out of 24 of these FP cases attributable to pivaloyl carnitine in the blood spot sample (this report; see also [5] ). A recently published false positive case attributed to the use of the Neutrophil Elastase Inhibitor Sivelestat [6] in this respect is also of note.
These findings prompted an informal survey among European countries to determine the extent of interference from pivoloyl carnitine in the detection of IVA and the steps being taken to avoid the referral of FP results.
Materials and Methods
An email survey was developed and circulated to contact persons of neonatal screening programmes in 17 European countries. The questions included: (1) whether pivalate-containing medications contributed to FP results when screening for IVA; (2) if so, whether the contribution was suspected to arise mainly from the use of moisturising creams or antibiotics; (3) whether second tier testing was in place to identify pivaloyl carnitine in the blood spot sample prior to potential clinical referral; and (4) whether testing to identify pivaloyl carnitine was routinely available subsequent to clinical referral if this was indicated.
Results
Responses were received from centres in nine countries and these are summarised in Table 1 . Seven of the nine countries represented considered that pivalate within dried blood spots had been or was a significant confounding factor in the detection of IVA by newborn screening using C5 acylcarnitine alone as an indicator. Three of the seven who reported that pivalate had been or was an issue considered that this most commonly derived from maternal use of moisturising creams containing neopentanoate, while three of the seven reporting pivalate interference considered that the most common source was antibiotic use. Note: The authors feel that, since this paper is meant to raise awareness, it is appropriate to provide the commercial names of products when available. It should be kept in mind, however, that neopentanoate derivates are very widely used in the cosmetic industry as emollients and that only the use of these products within the post-partum period are associated with the analytical problems mentioned in this paper. FP: false positive.
Four of the seven respondents had instituted the resolution of C5 isobars by liquid chromatography-mass spectrometry as a second tier test to avoid unnecessary clinical referral, and one was considering this as national policy developed. Table 2 
Discussion
There is convincing evidence that the early and asymptomatic detection of inherited metabolic disorders by newborn screening can offer very significant health benefits for the affected child and the family. Nevertheless, it is also well recognised that FP results reported by national screening programmes can have a significant negative impact on families and in some cases these effects may endure for many years, resulting in increased parental anxiety and an associated increase in the frequency of hospital attendances reflecting this anxiety. It is likely that both the way in which clinical referrals are managed and conducted and the receipt of the result itself may contribute to these lasting effects.
Thus, it is clearly a benefit if FP results can be avoided and the positive predictive value of testing improved. Identifying and characterising known or suspected interferences more carefully, thus avoiding an unnecessary response to a screen positive result, contributes to this improved performance. The contribution made by pivaloyl carnitine to raised C5 acylcarnitine results when screening for IVA has been known for many years. This was clearly appreciated and dealt with in countries such as Denmark, where the use of pivalate-containing antibiotics is widespread. It seems likely that this has been less well appreciated in some countries where such use is less common. There is also some evidence that in some countries, such as the UK, the pattern of pivalate-containing antibiotics use may be changing and, in general, increasing.
More recently, the inclusion of neopentanoate as an emollient in some moisturising creams used as nipple balms by nursing mothers may also be under-recognised, and may result in a significant number of FP results when screening for isovaleric acidaemia. Sixteen cases from the UK ( Table 2) and 50 cases in an 18-month period in Belgium have been reported, as well as cases in other countries (see Table 3 ). The data of Tables 2 and 3 together show that C5 concentrations artificially elevated by creams or antibiotics are similar to those observed in mild or severe cases of IVA. This survey's results indicate that a number of countries have introduced second tier testing for C5 isobars when the initial C5 is raised [5, 7] . A second tier test (as used in Denmark) was also introduced in Sweden. It began mid-November 2010 and has prevented all IVA FP screening results. Nevertheless, not all countries have implemented additional testing. It may be that in those countries where this is not routinely performed, this form of contamination is not a problem. However, clinicians receiving a referral on behalf of an asymptomatic baby with a raised C5 would be well advised to take a detailed medical history as well as exclude the use of these balms and creams. If doubt remains, an C5 isobar analysis on the original blood spot is advised. Finally, if a significant number of FP results appear to be arising from this cause then a change in policy to include appropriate second tier testing prior to referral may be indicated. The second tier assay would typically take two to three hours to perform and the delay, provided that referral could be made on the same day as the initial screen positive result was obtained, would be unlikely to adversely affect the clinical outcome in true positive cases. Adopting this approach would avoid the stress associated with false positive results and offer a significant benefit to the families who would otherwise have been affected.
Finally, it is interesting to note that in Belgium, moisturising creams containing neopentanoate have been withdrawn from distribution in maternity wards due to the risk of generating FP results in national newborn screening programmes.
